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SUBSYSTEM :ACTUATION MECH-ADP FMEA NO 02-4E —052000=5 REV:02,/17/33
ASSEMBLY *AIR DATA PROBE (ADF) CRIT. FUNG: 1R
P/N RI :MC147~0012 CAIT. HOW: 2
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ITEM:
TORQUE LIMITER, DEPLOYMENT ACTUATOR

FUNCTION ¢
TO FROTECT THE ACTUATOR MOTOR/GEAREBCX,/DIFPFERENTIAL BY ALLOWING
PREDETERMINED SLIPPAGE WHEN THE AIR DATA PROBE DEFLOYMENT MECHANTSH
STALLS OR JAMS.

FAILORE MODE:
TORQUE LIMITER SLIPS AT LESS TIHAN MINIMUM TORCUE

CROSE{=S]):
ADVERSE TOLERANCES/WEAR, CHANGE IN MATERIAL FROFERTIES, CONTAMINATION,
FOREIGN QBJECT/LEERIS, DEFECTIVE FART/MATERTAL 0OR MANUFPACTURING CEFELT,
TEMPERATURE, 1055 QF SPRING FORCES

EFFECT(S) OM:
(A)SUBSYSTEM (E)INTERFACES (C)MTSSION (D) CREW/VEEICLE

(A,B) LOSS OF ONE AIR OATA PROBE (ADP).

(C,D} SECOND (REDUNDANT) ADE IS ADEQUATE FOR LANDING BY FLIGHT CONTROL.
POTENTIAL LOSS OF CREW/VEHICLE DUE T¢ FLIGNT CONTROL INSTABILITIES WHEN
ALL AIR DATA IS LOST.

FAILS REDUNDANCY SCREEN "Aa"™ SINCE THERE ARE NO TURNAROUND TESTS TO VERITY
A FAILURE OF THE TORQUE LIMITER AND FATLS SCREEN "B" SINCE THERE IS NO
VISUAL OR INSTRUMENTED WAY OF DETECTING A FAILURE OF THE TORQUE LIMITER
WHTITE TN FLIGHT. :
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DISPOSITION & RATIONALE:
(A)DESIGN (B)TEST (C)INSPECTION (D}FPAIIORE HISTORY (E)OFERATIONAL USE

A) DESIGN

{ %HE DEPLOYMENT ACTUATOR CONSISTS OF A BLANETARY GEARBOX/DIFFERENTIAL AND
A SPRING-IOADED (4) BALL-DETENT TORQUE LIMITER DRIVEN BY TWG (REDUNDANT)
3-PHASE ELECTRIC MOTORS: EACH WITH AN INTEGRAL SPRING-LOADED BRAKE.
HOUSING FAERICATED OF 6AL-4V TI AND DESIGNED TO FRECLUDE THE ENTRY AF
FOREIGN PARTICLES. GEARS MADE OF PH13-8MO CRES: 4340 AND SKTI-d4C0-, 320
STL. BEARINGS MADE OF 440 AND OTHER CRES. PARTS CLEANED TO LEVEL 300, PEF
MA0110-301 {PRIOR TO ASSEMBLY). ASSEMBLED IN A CLASS 100,000 CLEAN ROOM
(FER FED-STD-209), DUAL ROTATING SURFACES ON BEARTNGS. SATETY FACTOR
1.4 MINIMUM. PROVISION EXISTS TO CYCLE ACTUATOR (TO LOOSEN
STALLED/JAMMED MECHANISM). BRAKES ARE DESIGNED TO FAIL IN THE ENGAGED
POSITION. DIFFERENTIAL IS DESIGKED TO DISTRIBUTE POWER FROM ETTHER ONE OR
BOTH (REDUNDANT) MOTORS. TORQUE LIMITER IS DESIGNED TO PROTECT MOTORS
AND DRIVE TRAIN FROM AN OVERLOAD FATLURE.

{(B) TEST
QUALIFICATION TESTS: {UAL-CERTIFIED PER CR-Z3-147=0012=0001.
QUALIFICATION TESTS INCLUDED: SHOCK TEST (BASIC DESIGN SHOCK PER MIL-
8TD=810, METEOD 51€.1, PROCEDURE I; TRANSIENT SEOCK AT +/-0.25 G'S PEAX -
AND 3 TO 35 HZ SINUSOIDAL VIBRATION), QUAL-ACCEPTANCE VIERATION TEST
(QAVT) (ACQUSTIC VIERATIONS FROM 20-2,00¢ EZ FOR 30 SECONDS TQ 1 MINUTE -

. IN EACH OF THREE ORTHOGONAL AXES: ELECTRICAL CTRCUITS CHECKED WITH
ACTUATCR CYCLED FROM STOWED, TO DEPLOYED, TO STOWED FOSITION), RANDCM
VIBRATION TEST (OFT)(20—2,000 HZ; 5 MIN. IN EACE X, ¥ AND Z-AX3I8), 1o00-
MISSION RANDOM VIERATION TEST (20-2,000 EZ; 458 MINUTES IN EACH X, ¥ AND
3-AXIS5), THERMAL CYCLING TEST (QYCLED FIVE TIMES PETWEEN ~100 DEC P AND
+350 DEG F, WITH 60 MINUTES DWELL AT EACH EXTRFEME] AND OPERATING LIFE
TEST (ACTUATOR CYCLED 2,000 TIMES AT ROOM TEMPERATURE; INCLUDES MOTOR 1
AND MOTIOR 2 CYCLED 400 TIMES BACH, ALONE, AND WITHIN 30 SEC/STROKE: AND
1,200 CYCLES WITH BOTH MOTCRS AND WITHIN 15 SEC/STROKE}). EXPECT 540
CYCLES PER 100-MISSION LIFE. POWER CONSUMPTTON TEST, PRESSURE LEAK
TEST, FREE-PLAY TEST AND IRFEVERSIBILITY TEST WERE CONDUCTED AS DEFINED
IN THE ACCEPTANCE TESTS. CERTIFIGATION BY ANALYSIS/STMTLARITY INCLUDED:
FONGUS, OZ0NE, ACCELERATION, TRANSPACKAGE, SAND/DUST, ZALT SPRAY, MARGIN
OF SAFETY, HUMIDITY, THERMAT VACUUM, AND EXPLOSIVE ATMOSPUERE.
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ACCEPTANCE TESTS: INCLUDES EXAMINATION OF PRODUCTS (FOR WEILGHT,
DIMENSIONS, CONSTRUCTION, CLEANLINESS AND PINISH), ACCEPTANCE VIBRATISN
TESTS (AVT) (20=2,0060 HZ, 30 SEC TQ 1 MINUTE, IN EACH OF THREE ORTHOCONAL
AXES; WITH ELECTRICAL CIRCUITS MONITORED FOR CONTINDITY), ACCEPTANCE
THERMAL TESTS (ATT) (CYCLED BETWEEN -80 DEG F AND +330 DEG F; MOTOR 1,
MOTOR 2 AND DUAL MOTOR), BONDIKG:TEST (FER MP0O004-002), POWER CONSUMPTION
TEST (WITH TEMPERATURE BEMWEEN -B0 DEG F AND +330 DEG P, SINGLE MOTOR
DIPLOYED WITHIK 30 SEC, DUAL MOTORS DEPLOYED WITHIN 1% SEC, 22
WATTS/MOTOR MAXIMUM, 400% MAXTMOM STARTING CURRENT AT RATED LOAD),
INSULATION RESISTANCE TEST AND DIELECTRIC WITHSTAMDING VOLTAGE TEST {DER
MFOG04—002), FRESSURE LEAKAGE TEST (FNEUMATIC CHANNEL LEAKAGE IS 0.010
INCH-HG/MIN AT 80 INCH~HG APPLIED AIR PRESSURE), CYCLING TEST (SINGLE
MOTOR, 40 CYCLES EACH AT 30 SEC/STROKE: DUAL MOTOR, 120 CYCLES AT 1%
SEC/STROKE), FREEPLAY TEST (MAXIMUM ANGULAR FREEPLAY AT QUTPUT SHAFT +/-
Q.025 DEGREES, WITH 74.8 INCH-LE REVERSING TORQUZ; MAXIMIIM LATERAL
FREEPLAY OF ROTARY CARRIER +/-0.001 INCH, WITH REVERSING LOAD OF 10 LB),
STALL/MAXIMUM TCRQUE TEST, INRREVERSIRILITY TEST (AQTUATOR MUST BE
IRREVERSIELE TO THE MAXIMUM OPERATING LOAD IN EITHER DIRECTION} AND
TRAVEL LIMITS TEST (ACTUATOR AND OUTFUT ARM CYCLED FULL TRAVEL TO VERIFY
COMPLIANCE WITH MECHANICAL AND ELECTRICAL LIMTITS).

OMRSD;: NOQ TEST IS AVAILAELE FOR THIS FAILURE MODE. PROPER FUNCTIION OF
THE TORQUE LIMITER IS VERIFIED PERTUDICALLY AS PART GF THE MAINTENANCE
SAMPLING PROGRAM.

(€} IRSPECTION

RECETIVING INSPECTION
MATERIAL AND PROCESS CERTIFICATIONS VERIFIED BY INSPECTION.

CONTAMINATION CONTROL )

ALL FARTE ARE CLEANED BETORE TORQUE LIMITER ASSEMBLY. THE TORQUE LIMITER
IS ASSEMPLED IN A CLEAN ROCM, CLEANLINESS TO LEVEL 300 VERIFIED BY
INSPECTION. CORRDEICN CONTROL PROVISIONS ARE VERIFIED BY INSPECTION.

ASSEMBLY /TNSTALIATTON

TORQUE LIMITER ASSEMBLY VERIFIED BY INSPECTION. SLIF TORQUE VERIFIED BY
INSPECTION AT SUB=ASSEMELY. SFRING DIAMETER AND FORCE VERIFIED EY
INSPECTION.

' NONDESTRUCTIVE EVALUATION
STRUCTURAL INTEGRITY OF DETATL PARTS VERIFIED BY PENETRANT OR MACNETIC
FARTICLE INSPECTION. TECHNIQUES AND TECANICIAMS ARE CERTIFIED.

CRITICAL PRCCESSES
HEAT TREATING, BEARING INSTALLATION AND LUBRICANT AFPLICATION VERIFIED BY
INSPECTION.

TESTING

GEAR HARDNESS TEST, ACROSS PIN MEASURFMENT AMD REDLIMNE TEST FOR

COMFOSITE ERRCR ARE VERIFIED BY INSPECTION. A STALL/MAXIMUM TORGQUE

TEST, TO VERIFY CLUTCH SETTING IN THE ASSEMELED UNIT, IS INSPECTED ' .
DURING ATP. :
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{D} FATLURE HISTORY

THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD oR FLIGHT
FAILURES ASSOCIATED WITH THIS FATLURE MODE.

REV:02/17/88

(E) CPERATICHAL UGSE

IF ALL AIR DATA IS LOST, CREW MUST MAINTAIN PITCH ATTITUDE WITHIN TTHETA"
LIMITS DISPLAYED ON THE CATHODE RAY TUBE (CRT}.



